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Infrared reflectivity measurements on 122 iron-pnictides reveal the existence of two electronic
subsystems. The one gapped due to the spin-density-wave transition in the parent materials, such as
EuFe2As2, is responsible for superconductivity in the doped compounds, like Ba(Fe0.92Co0.08)2As2
and Ba(Fe0.95Ni0.05)2As2. Analyzing the dc resistivity and scattering rate of this contribution, a
hidden T 2 dependence is found, indicating that superconductivity evolves out of a Fermi-liquid
state. The second subsystem gives rise to incoherent background, present in all 122 compounds,
which is basically temperature independent, but affected by the superconducting transition.
PACS numbers: 74.25.Gz, 71.30.+h, 74.25.Gz, 74.25.Jb
In the course of the past year, it became apparent
that both the normal and superconducting states of iron-
pnictides are more complex than in conventional metals
[1, 2]. Understanding their magnetic and structural or-
ders in parallel to superconductivity is one of the main
challenges. An additional complication is the presence
of several bands close to the Fermi energy where nest-
ing might be crucial for the magnetic order [3, 4]. Sub-
stituting Ba by K in BaFe2As2, for instance, introduces
holes and affects structural and spin density wave (SDW)
transitions, which are both suppressed for the benefit of
superconductivity [5]. When Co or Ni partially replaces
Fe also both transitions are suppressed and superconduc-
tivity is observed up to Tc = 25 K [6, 7]. The proximity
of a magnetic ground state raises the question about the
role of magnetic fluctuations [8], which – together with
the observed anomalous transport behavior – evokes a
quantum-phase-transition scenario for superconductivity
[9, 10]. Here we compare the optical properties on differ-
ent 122-iron-pnictide compounds and find that the low-
frequency conductivity spectra can be universally decom-
posed into a broad temperature independent part and a
narrow zero-frequency contribution. The latter one ex-
hibits a Fermi-liquid behavior and governs the physical
behavior of these materials.
Single crystals of EuFe2As2, Ba(Fe0.92Co0.08)2As2,
and Ba(Fe0.95Ni0.05)2As2 were grown using FeAs as
self-flux dopants [7, 9] and characterized by X-ray,
EDX-microanalysis, transport and susceptibility mea-
surements [Fig. 3(a,b)]. The high reproducibility of the
resistivity measurements and the sharp transition ob-
served in the susceptibility indicate that the samples
are homogeneously doped [11]. The temperature depen-
dent optical reflectivity (in ab plane) was measured in
a wide frequency range from 20 to 37 000 cm−1 using a
series of spectrometers. The low-frequency extrapolation
was done according to the dc conductivity measured on
the same crystals. The complex optical conductivity
σˆ(ω) = σ1(ω) + iσ2(ω) was calculated from the reflec-
tivity spectra using Kramers-Kronig analysis.
In Fig. 1 we present the in-plane optical properties of
Ba(Fe0.92Co0.08)2As2 and Ba(Fe0.95Ni0.05)2As2 at differ-
ent temperatures. The reflectivity is metallic but does
not exhibit a clear-cut plasma edge similar to other 122
iron-pnictide compounds [12, 13, 14, 15, 16, 17, 18].
The optical conductivity contains a broad double-peak
in the mid- and near-infrared that does not change con-
siderably with temperature. As T decreases, a Drude-
like contribution develops and becomes narrower. Both
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FIG. 1: (Color online) Optical reflectivity and conductivity
of Ba(Fe0.92Co0.08)2As2 and Ba(Fe0.95Ni0.05)2As2 measured
at different temperatures between 10 K and 300 K in a wide
spectral range. Examples of Drude-Lorentz fits are displayed
in the inset for two temperatures T = 30 K and 300 K.
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FIG. 2: (Color online) In the metallic state the optical conductivity of different iron-pnictides can always be described by two
Drude terms (σN -densely shaded green and σB-medium shaded orange) and an oscillator in the mid-infrared (sparsely hatched
magenta). The spectra of the parent compounds at temperatures above the SDW transition: (a) BaFe2As2 [12], (b) SrFe2As2
[12], (c) CaFe2As2 [13], and (d) EuFe2As2 [14]. For T > Tc the conductivity spectra of the electron doped superconductor
Ba0.6K0.4Fe2As2 [15], the hole doped superconductors (f) Ba(Fe0.92Co0.08)2As2 and (g) Ba(Fe0.95Ni0.05)2As2 are very similar.
(h) When Fe is completely substituted by Ni, the material is more metallic, but the room-temperature spectrum of BaNi2As2
[16] can be decomposed in the same way with a larger spectral weight of the Drude components.
features are separated by a minimum in σ1(ω) around
1000 cm−1. The parent compound EuFe2As2 was dis-
cussed in Ref. 14.
When we try to fit the normal-state spectra by a min-
imum number of Drude and Lorentz contributions [19],
we obtain a satisfactory description only by using two
Drude terms [20]. Importantly, this decomposition holds
universally for different 122-iron-pnictides. This is illus-
trated in Fig. 2 where the optical conductivity is dis-
played in a large frequency range for parent compounds
XFe2As2 (X = Ba, Sr, Ca, Eu), as well as for hole-
doped Ba0.6K0.4Fe2As2 and for the completely substi-
tuted BaNi2As2 [12, 13, 14, 15, 16]. A simple oscilla-
tor models the mid-infrared properties sufficiently well.
A broad contribution σB mimics the considerable back-
ground conductivity that seems to be similar for all com-
pounds and does not change appreciably with tempera-
ture. As will be discussed later, the distinct properties
of the particular material are solely determined by the
second Drude term σN with a width of approximately
100 cm−1 in the case of Ba(Fe0.92Co0.08)2As2. Its spec-
tral weight is smaller by a factor of 3-5 compared to σB.
Upon cooling, the spectral weight is roughly conserved
for each of these two subsystems. Our finding is in ac-
cord with angle-resolved photoemission (ARPES) data
[21] which indicate that the multi-band structure does
not change considerably upon doping and temperature.
In order to analyze the temperature dependence of
σN at ω = 0, we have measured the dc resistivity
[see Fig. 3(a)], then simply deduce a constant σB from
the graphs displayed in Fig. 2 and consider σN (T ) =
σtotal(T )− σB . The result is surprising but very simple,
namely ρN = 1/σN ∝ T 2 over the broad temperature
range, as shown in Fig. 3(c). Such a temperature de-
pendence is a clear sign of Fermi liquid behavior. Im-
portantly, an independent confirmation of this finding
is obtained directly from the decomposition of the low-
frequency conductivity of Ba(Fe1−xMx)2As2. The Drude
fit σN (ω) = σN (ω = 0)/(1+ ω
2τ2
N
) yields a scatting rate
1/τN(T ) ∝ T 2 as well [Fig. 3(d)]. These results evidence
a deep physical consistency of our decomposition.
We want to point out that due to the broad frequency
range covered by only two Drude contributions, the fits
are robust and give well defined parameters σB , σN (T ),
and 1/τN(T ). Furthermore, we restrain ourselves by as-
suming σB basically as temperature independent; and
since the dc-conductivity is determined separately, that
leaves only 1/τN(T ) as a fit parameter. Moreover, as a
result of such fit procedure it turns out that the coher-
ent Drude term preserves its spectral weight within an
uncertainty of 2%. The fact that the plasma frequency
does not change much with temperature reinforces the
conclusion that the coherent Drude describes a classical
Fermi liquid.
Our findings are in agreement with the conclusion
drawn from a comprehensive Hall-effect study on the
series Ba(Fe1−xCox)2As2 [22] indicating that the iron-
pnictides are good Fermi liquids. As discussed there
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FIG. 3: (Color online) (a) Temperature dependence of
the electrical resistivity of Ba(Fe0.92Co0.08)2As2 and Ba-
(Fe0.95Ni0.05)2As2 crystals. (b) The field-cooled (FC), zero-
field-cooled (ZFC) and remanent (REM) susceptibility exhibit
a sharp change at the transition temperature (Tc = 25 K
and 20 K). (c) “narrow Drude” contribution to dc resistiv-
ity plotted as a function of T 2, as obtained by decomposi-
tion ρN(T ) = [σtotal(T )− σB]
−1, where the σB is constant in
temperature. The data is presented in arbitrary units since
Ba(Fe0.86Co0.14)2As2 and Ba(Fe0.816Co0.184)2As2 are taken
from Ref. 9 where no absolute values are given. (d) Temper-
ature dependence of the scatting rate 1/τN (T ) obtained from
the fit of the low-frequency optical data by the Drude model.
the values of scattering rate and the T 2 behavior agree
reasonably with the weak coupling limit under assump-
tion that the effective Umklapp scattering is comparable
to the Fermi energy. Furthermore other iron-pnictides
behave in a very similar way, as demonstrated on Ba-
(Fe0.95Ni0.05)2As2 in Fig. 3(c), confirming our general
view. Notably, a T 2 behavior of the resistivity is also
found in 1111 compounds [23, 24].
We note that our discovery of a hidden Fermi-liquid
behavior of the governing charge carriers is at variance
with previously reported findings. Those works ana-
lyzed the resistivity prior to its decomposition, having
both contributions, σN (T ) and σB, mixed. The “anoma-
lous” temperature dependence of the resistivity (ρ0+AT
n
or ρ0 + AT + BT
2) and the proximity of the magnetic
phase have been considered as an indication that the su-
perconducting ground state is a consequence of under-
lying quantum criticality [9, 10, 20]. Indeed as shown
in Fig. 3(a) the total resistivity is clearly not quadratic
in temperature and can be well fitted with AT n with
n = 1.25 for Ba(Fe0.92Co0.08)2As2 and n = 1.5 for
Ba(Fe0.95Ni0.05)2As2. Only when the incoherent part,
determined by optical conductivity, is subtracted, the
T 2 law appears in both samples, as demonstrated in
Fig. 3(c). With doping the dc resistivity gets consid-
erably smaller [22, 25], because σn grows. Consequently
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FIG. 4: (Color online) Reflectivity and conductivity of Ba-
(Fe0.92Co0.08)2As2 and EuFe2As2 above and below the su-
perconducting and SDW transitions. (a) The way the reflec-
tivity of Ba(Fe0.92Co0.08)2As2 approaches unity is indicative
for the development of the superconducting gap. The dot-
ted lines corresponds to the extrapolations. (b) The opti-
cal conductivity σ1(ω, T ) is gradually depleted up to approxi-
mately 150 cm−1. The dash-dotted curve is calculated for the
lowest temperature assuming one gap 2∆
(1)
0 = 50 cm
−1and
the shaded area by assuming gaps 2∆
(1)
0 = 50 cm
−1 in the
σN(ω) component (mainly grey area) and 2∆
(2)
0 = 17 cm
−1
in the σB(ω) background (mainly orange area). (c,d) For
T < TSDW, a gap in the excitation spectrum of EuFe2As2
opens. Part of the spectral weight of σN shifts from low-
frequencies to above approximately 1000 cm−1; but a small
Drude-like peak remains. The incoherent background σB(ω)
remains basically temperature independent. The fit by the
Drude-Lorentz model corresponds to T = 10 K.
the contribution of the incoherent term to σtotal becomes
less important. This explains the change in the overall
power-law coefficient upon doping [25], eventually lead-
ing to n = 2. Our decomposition of the optical conduc-
tivity and dc resistivity holds for all analyzed 122 iron-
pnictides and reveals the Fermi liquid behavior in σn.
This result is universal and physically transparent [20].
Next we analyze the superconducting state in detail.
Upon passing the superconducting transition the reflec-
tivity of Ba(Fe0.92Co0.08)2As2 increases considerably be-
low 70 cm−1, as can be seen in Fig. 4(a); for Ba-
(Fe0.95Ni0.05)2As2 a similar behavior is observed around
60 cm−1. The way it approaches unity with a change
in curvature causes a gap-like structure in the optical
conductivity below 100 cm−1 [Fig. 4(b)]. The removal
of spectral weight in σ1(ω, T ) compared to the normal
state conductivity σ(n)(ω, T ≈ 30 K) extends all the way
up to approximately 150 cm−1. From the missing area
[19], A =
∫ [
σ
(n)
1 (ω)− σ(s)1 (ω)
]
dω we estimate the pen-
etration depth to λ = c/
√
8A = (3500 ± 350) A˚ and
(3000 ± 300) A˚ for the Co and Ni compounds, respec-
4tively. Notably, both materials obey the universal scal-
ing relation of the superfluid density ρs ∝ A and the
transition temperature Tc [26, 27]. This indicates that
the main features of the superconducting state are well
captured by the optical conductivity.
To get further insight, we model our spectra by the
BCS-theory for the frequency and temperature depen-
dent conductivity [28]. As seen by the dash-dotted lines
in Fig. 4(b), a decent description is obtained with gap
value of 50 cm−1. Following the suggestions of two
isotropic gaps [21, 29, 30], both opening simultaneously
below Tc, we obtain an even better description with
2∆
(1)
0 = 50 cm
−1 in the narrow Drude term only, and
a second smaller gap 2∆
(2)
0 = 17 cm
−1 which affects
the broad background [31]. Similarly, the description of
Ba0.6K0.4Fe2As2 [18] suggests two superconducting gaps.
This indicates that the hole-doped iron-pnictides behave
in the same way as the electron-doped compounds and
that our conclusions are universal in this sense.
The gap values obtained from our study are
2∆
(1)
0 /kBTc = 2.5 − 3, and 1 for the small gap. ARPES
experiments on the K doped compound yield to higher
gap values of 2∆
(1)
0 /kBTc = 6.8 and 2∆
(2)
0 /kBTc < 3 [21].
It is worthwhile to recall the situation of the two-gap su-
perconductor MgB2, for which several methods evidence
two gaps, while far-infrared measurements see only one.
By now it is not understood why the optical results agree
better with the smaller gap value, although they should
be sensitive only to the large one [32]. Due to the proxim-
ity of the superconductivity and magnetic ground state
it is instructive to compare our results with those ob-
tained on parent compounds. Upon passing through the
SDW transition of EuFe2As2, for instance [14], a gap in
the excitation spectrum opens since parts of the Fermi
surface are removed. Importantly, as demonstrated in
Fig. 4(d), only spectral weight of σN shifts from low-
frequencies to above approximately 1000 cm−1. The in-
coherent background σB remains basically unchanged. A
small Drude-like peak (accounting for the metallic dc
properties) remains and becomes very narrow as T is
reduced. On the other hand, the metallic state of the
Ba(Fe1−xMx)2As2 compounds (M = Co or Ni, close to
optimally doping) does not exhibit any trace of the SDW
pseudogap (Fig. 1). Upon cooling down to the supercon-
ducting transition, σN (ω) gradually narrows and grows
[Fig. 1(b,d)]. Importantly, at Tc a dominant supercon-
ducting gap develops in σN , i.e. it is associate with the
same parts of the Fermi surface gaped by the SDW in
parent compounds. Our analysis of the optical conduc-
tivity in the normal and broken-symmetry ground states
of iron-pnictides, reveals two sorts of conduction elec-
trons associated with σB and σN (Fig. 2). The broad
term σB is temperature independent. We ascribe it to
an incoherent subsystem which seems to be a common
fact in all iron-pnictides. The narrow Drude-like con-
tribution σN dominates the conduction in the pnictides.
It reveals a T 2 behavior in the resistivity and scatter-
ing rate, inferring that superconductivity grows out of a
Fermi liquid. Furthermore the dominant gap at 2∆(1) in
electron doped Ba(Fe1−xMx)2As2 and the SDW gap in
parent compound EuFe2As2 develop in σN , which signi-
fies that the underlying ground states of iron-pnictides
involve the same parts of the Fermi surface.
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